There is a growing body of evidence suggesting that non-demented patients with Parkinson's disease (PD) have difficulty in rapidly alternating mental set (e.g., Bowen, Hoehn, & Yahr, 1972; Bowen, Burns, Brady, & Yahr, 1976; Cools, Van Den Bercken, Horstink, Van Spaendonck, & Berger, 1984; Fimm, Bartl, Zimmermann, & Wallesch, 1994; Flowers & Robertson, 1985; Lees & Smith, 1983; McDonald, Brown, & Gorell, 1996; Sandson & Albert, 1987) . This set-switching deficit is found on tasks that require the use of internal attentional control. For example, PD patients have been reported to be impaired on tasks that require the subject to generate words belonging to two different semantic categories in rapid alternation (Cooper, Sagar, Jordan, Harvey, & Sullivan, 1991; Gotham, Brown, & Marsden, 1988; Rothlind & Brandt, 1993) . However, due to methodological limitations of these studies, it is unclear whether this impairment in Alternating Word Fluency (AWF) is primarily due to a deficit in generating words or whether the set-shifting requirement imposes an additional cognitive load. In addition, Gurd and Ward (1989) did not find a disproportionate deficit in AWF compared to single word fluency in PD patients, and concluded that "task switching" per se is not impaired in PD. Gotham et al. (1988) reported a disproportionate deficit in performance on an AWF task, compared with performance on a semantic word fluency (SWF) task. The PD group when off levodopa treatment generated 25% fewer words on the AWF task as compared with the healthy control subjects. However, there were no statistically significant differences between the groups on the AWF task when the PD group was on levodopa. The PD patients, whether on or off levodopa, did not differ significantly from controls on the SWF task. The authors interpreted their findings as indicating that PD patients off levodopa have deficient dopamine in the frontostriatal system, which may cause set shifting difficulty on the AWF task. A limitation of this study is that only a single AWF trial and a single SWF trial were employed.
Two other studies found a deficit in AWF but without evidence for a disproportionate deficit compared to single word fluency tasks. Cooper et al. (1991) reported a deficit in AWF in a group of newly diagnosed, untreated PD patients, but in their study, the AWF deficit was not greater than the SWF deficit. Rothlind and Brandt (1993) employed an AWF task as part of a brief assessment battery that they developed and validated for the detection of frontal-subcortical dysfunction in non-demented PD and Huntington's disease (HD) patients. The PD group and HD group generated approximately 32% fewer words on the AWF task than the control group, but it is unclear whether this AWF task performance was due to reduced verbal fluency, impaired set-shifting, or both, because a single word fluency comparison test was not included. Gurd and Ward (1989) reported that there was no disproportionate deficit in performance on AWF compared with performance on either phonemic word fluency (PWF) or semantic word fluency (SWF) in a group of PD patients receiving dopaminergic medication compared to a group of healthy controls. The authors concluded that PD patients, including patients in the early stages, display markedly impaired verbal fluency performance on all types of generative naming tasks, but that there was no evidence for a disproportionate effect on alternating word fluency compared to single word fluency and thus "task switching" per se is not impaired in PD. Thus, unlike the Gotham et al. (1988) study, Gurd and Ward (1989) did not find a selective AWF deficit, but unlike Gurd and Ward, they did not test their subjects when "off" dopaminergic medications. Neither Gurd and Ward (1989) nor Gotham et al. (1988) found a disproportionate deficit in AWF compared to single word fluency when PD patients are "on" dopaminergic medications, but the two studies produced opposite findings with regard to single word fluency in PD patients when "on meds" (i.e., Gurd and Ward found deficits, Gotham et al. did not) .
Evidence for an impairment in set-shifting on the Wisconsin Card Sort Test (WCST) has been found in both medicated and unmedicated PD patients who were early in the course of their illness (Bowen, Kamienny, Burns, & Yahr, 1975; Canavan, Passingham, Marsden, Quinn, Wyke, & Polkey, 1989; Lees & Smith, 1983; Pillon, Dubois, Lhermitte, & Agid, 1986; Taylor, Saint-Cyr, & Lang, 1986) . L-dopa treatment has been found to reduce the number of errors but not increase the number of categories completed on the WCST (Bowen et al., 1975) . A major requirement of the WCST is analogous to the paradigms of extra-dimensional shifts (Downes, Roberts, Sahakian, Evenden, Morris, & Robbins, 1989) in which the subject must stop responding to a particular dimension and shift response to another. Downes et al. (1989) studied set-shifting in PD patients using both intra-and extra-dimensional shift paradigms. Subjects were required to learn a set of discrimination tasks in which only one of two stimuli was correct using feedback provided by the computer following each choice. In an intra-dimensional shift, the same stimulus dimension (e.g., color or shape) continues to be associated with the correct response when new examples of compound stimuli are presented (Downes et al., 1989) . In an extra-dimensional shift, the subject has to switch to the previously nonreinforced dimension when confronted with new examples of compound stimuli. Both early, nonmedicated PD patients and medicated PD patients were found to have a selective significant impairment in their ability to make an extra-dimensional shift.
Difficulty in switching cognitive set (Bowen et al., 1976; Cools et al., 1984; Fimm et al., 1994; Lees and Smith, 1983; McDonald et al., 1996) is only one of the four major hypotheses that have been proposed as the primary underlying cognitive deficit in PD. Weingartner, Burns, Diebel, & LeWitt (1984) proposed that the nature of the underlying cognitive deficit in PD was their difficulty in performing effortful versus automatic tasks. Taylor et al. (1986) proposed that the primary impairment in PD was in self-directed task specific planning. Brown and Marsden (1988) reformulated this latter concept in terms of the degree of internal versus external attentional control that is required by a task. They argue that PD patients have a reduced working memory capacity that is more easily overloaded when using internal versus external cues in the control of attention.
To test their hypothesis, Brown and Marsden (1988) manipulated the degree of internal versus external cues by using a version of the Stroop color-word test in which the words "red" and "green" were presented in the complementary colored "ink." The patients responded to either the color of the ink in which the word was written or the color named by the "word." The relevant attribute of the stimulus (i.e., color of the ink or the name of the word) changed at intervals during the test session. In addition, in one condition, the relevant stimulus attribute was cued before each trial, whereas in another condition the patients had to remember which attribute (i.e., ink or word) was currently relevant. Results revealed that patients with PD were impaired mainly in the second condition which required internal attentional control. Brown and Marsden (1988) discussed the results in relation to the models of Working Memory (Baddeley, 1986) and attentional control (Norman & Shallice, 1980) . Brown and Marsden (1988) theorized that the crucial determinant of cognitive impairment in PD is reduced resources in the Supervisory Attentional System of working memory. If the demands of the task are within the patient's available attentional resources, the patient may not show any deficit. Whereas, if the attentional demands exceed available resources, as in tasks which depend upon internal cues, then deficits will be exhibited.
Any of the four major hypotheses regarding the nature of the underlying cognitive deficit in nondemented PD would predict a disproportionate deficit on AWF relative to the control group. Frequent set shifting is required in the AWF task. This task also entails more effortful or controlled processing because of the dual requirements of exemplar generation and set alternation. AWF would also appear to require more self-directed task-specific planning to keep track of which category to respond to next. The AWF task would also require internally guided attentional control to alternate between categories that, combined with the processing capacity being devoted to generating exemplars, would put greater demands on working memory. It is not, however, the purpose of the present study to decide between these different theoretical formulations.
Bayles and colleages (Bayles, Rosset, Tomoeda, Montgomery, & Wilson, 1993; Azuma et al., 1997) reported a greater negative effect of nondemented PD on PWF relative to SWF. They cited previous studies which demonstrated that the "nominal" difficulty (i.e., number of words generated in a given time period) was typically greater for PWF tasks compared to SWF tasks in normal control subjects. Bayles et al. (1993) speculated that SWF is an easier task because its categories are generally smaller and better defined. Bayles et al. (1993) concluded that their finding of a greater negative effect of nondemented PD on PWF relative to SWF confirmed that PWF was not only the nominally more difficult task, but also the intrinsically more difficult task. Contrary to the findings of Bayles et al. (1993) , each of the four major hypotheses regarding the underlying cognitive deficit in PD would be more consistent with the prediction of relatively poorer performance on SWF versus PWF when compared to a normal control group. Compared to PWF, SWF would appear to involve more set shifting, more effortful or controlled processing, and more self-directed task-specific planning. It would also appear to involve more internally-guided attentional control to change semantic subcategories, which would impose greater demands on working memory. One caveat to this argument is that different letters of the alphabet are not necessarily equivalent in terms of word fluency results nor are different semantic categories necessarily equivalent (Azuma et al., 1997) . Individual fluency tests, especially different semantic fluency tests, have been shown to be differentially sensitive to the cognitive deficits of PD patients (Azuma et al., 1997) .
Given methological shortcomings and contradictory conclusions of the aforementioned studies (e.g., Gotham et al., 1988 , versus Gurd & Ward, 1989 , the purpose of the present study was to re-examine alternating word fluency in the context of single word fluency in optimally-medicated, nondemented PD patients to determine if there is a disproportionate deficit in AWF and to determine whether there is a differential effect of PD on SWF versus PWF. We hypothesized that alternating word fluency should be more impaired than single word fluency because it puts more demands on the alternatively proposed central deficits in PD: set shifting, effortful processing, self-directed task-specific planning, and internally guided attentional control/working memory. Similarly, we predicted that SWF should be more impaired than PWF due to the greater demands SWF places on the underlying cognitive deficit in PD (e.g., on the reduced resources in the Supervisory Attentional System of working memory). Despite the previous negative reports, our hypothesis was that a disproportionate deficit in AWF would be evident in a group of medicated PD patients because dopaminergic treatment can be presumed to only incompletely reverse the dysfunction in the frontostriatal system. This incomplete restoration of frontostriatial functioning should leave a residual, albeit reduced, deficit in AWF.
METHODS

Subjects
The subjects were 45 medicated PD patients and 45 normal controls. The demographic characteristics of study participants are summarized in Table 1 . There were no statistically significant differences in age, education, or the Folstein Mini Mental State Examination (MMSE) score between the PD group and the control group ( t -tests, two tailed). The version of the MMSE employed in this study included the "counting backwards by 7" item. There was, however, a significant difference between the PD group and the control group in terms of gender ( 2 ϭ 14.58, p Ͻ .0001). A two-way analysis of variance comparing gender with treatment was performed, and no significant interactions were found. Therefore, gender did not exhibit a differential effect for the two groups on the word fluency test variables.
The PD patients were recruited from the Movement Disorders Clinic of the Southern Illinois University School of Medicine, where they were diagnosed by one of two boardcertified neurologists with many years of experience in working with PD patients. All the PD patients were in the Hoehn and Yahr (1967) Stages 2 or 3 (mild to moderate bilateral impairment), except for one patient in Stage 1 (unilateral impairment) and one in Stage 4 (advanced). Only nondemented PD patients were accepted into this study. The absence of dementia was determined by a recent clinical assessment that included the MMSE, given by the SIU neurologist. Exclusionary criteria included the presence of another neurological disorder, a secondary cause of Parkinsonism (such as neuroleptic medication), a primary psychiatric disorder (such as major depression), or any other medical condition that would negatively affect cognitive functioning. The clinical neurological assessment was performed within two months of the cognitive evaluation and was conducted without awareness of the results of the cognitive assessment. The control subjects were family members or friends of the PD patients with the majority being spouses. Based on a structured medical questionaire and interview, the control subjects were judged to have no neurological illness or major psychiatric disorder.
Tests
Word fluency in nondemented PD patients and normal control subjects was studied with a Phonemic Word Fluency (PWF) task using the letters F, A, and S, a Semantic Word Fluency (SWF) task using the categories animals, boy's names, and states, and an Alternating Word Fluency (AWF) task requiring the subject to alternate between colors and occupations, animals and states, and words beginning with C and P. Each trial was 1-minute in duration, e.g., the subject was asked to generate as many words that begin with the letter "F" in 60 seconds. For the PWF trials, subjects were instructed not to use proper nouns such as people's names nor to make simple variations on words such as adding an "s."
As mentioned above, two of the AWF trials used semantic categories and one used letters of the alphabet. This allowed us to determine if the set-shifting requirement impairs the performance of PD patients regardless of whether the subject is required to generate words beginning with two different letters of the alphabet in rapid alternation or is required to generate words belonging to two semantic categories in rapid alternation. One of the AWF trials consisted of two of the categories used on the SWF task to directly control for the effects of the specific categories employed on both types of paradigms.
The word fluency tests were administered as part of a larger test battery over two test sessions. One PD patient and one control subject scored particularly poorly on the comprehensive test battery, including poor memory scores and were suspected of being in the early stages of a degenerative dementia, possibly Alzheimer's disease. These two subjects were included in the analyses of the data because there was no "a priori" reason to exclude them, they represent only 2% of each group that was otherwise made up of overwhelmingly nondemented subjects, and the data from this patient and this control subject should offset one another. The word fluency tests (i.e., PWF, SWF, and AWF) were all administered consecutively in the same order to each subject during a single test session approximately between 2 and 3 p.m.
RESULTS
The means and standard deviations for each trial of the PWF, SWF, and AWF tasks are presented for the PD and NC groups in Table 2 . The percent differences between the two groups for each word fluency trial is also indicated. The PD group was only 10% lower than the control group for the total PWF score and the total SWF score, but was 21% lower for the total AWF score (Table 2) .
Because there was a significant difference between the PD group and the control group in terms of gender (see Methods), a two-way analysis of variance comparing gender with treatment was performed. No significant interactions were found. This suggested that gender did not exhibit a differential effect for the two groups on the word fluency test variables. To be confident that the gender difference did not affect our test results, an analysis of covariance (ANCOVA) was used to statistically compare the two groups for each of the word fluency trials after adjusting for gender, in addition to per-forming t -tests. A comparison of the t -test results with the ANCOVA results indicated that only 1 of the 12 word fluency comparisons changed in terms of whether or not statistical significance was found. There was a trend for the PD group to generate fewer animal names that did not quite reach statistical significance ( p ϭ .07) using t -tests that was statistically significant ( p ϭ .03) using an ANCOVA correcting for gender. The means of the raw scores for each word fluency trial in Table 2 and the ANCOVA least square means after adjusting for gender in Table 3 are nearly equivalent again indicating that gender differences had minimal effects on the test results. The three PWF trials and the total PWF score did not differ between the patients and controls (Table 3) . Two of the three SWF trials were statistically lower for the PD group compared to the control group (fewer animals and fewer boys' names). The total SWF score was also significantly lower in the PD group. In contrast, all three of the AWF trials and the total AWF score were statistically lower in the PD group as compared with the control group.
An ANCOVA with group as a between-subjects variable and test type as a withinsubjects variable and gender as a covariate was performed on the total scores for the three types of word fluency tests. The differences across the three test types for the total scores did not differ significantly between the two groups (i.e., there was a nonsignificant test by group interaction; p ϭ 0.1052).
DISCUSSION
These results indicate that non-demented, medicated PD patients have no impairment in PWF, somewhat poorer SWF, but clearly and consistently poorer performance on AWF. PD patients can generate words beginning with a certain letter of the alphabet as well as age-matched controls. PD patients have greater difficulty generating words belonging to a specific semantic category than control subjects. However, they have their greatest difficulty with generating words beginning with different letters or belonging to different categories in rapid alternation. The disproportionate deficit on AWF in the PD group indicates difficulty in rapidly alternating mental set, at least under conditions where there are no clear external cues to signal the changes in set. This impairment is consistent with the frontostriatal dysfunction hypothesis of PD (Downes et al., 1989; Mahurin, Feher, Nance, Levy, & Pirozzolo, 1993) and with the view that dopaminergic treatment only incompletely restores functioning in the frontostriatal system. These conclusions are based on the findings in which the two groups were compared on each word fluency trial. The interaction between test and group was, however, not significant, but this may be a result of too small a sample size for this analysis.
The performance of nondemented, medicated PD patients on different word fluency paradigms have not been consistent across studies. Gotham et al. (1988) reported no word fluency deficits in either AWF or SWF (PWF was not studied), Gurd and Ward (1989) reported deficits in all three types of tasks that were similar in magnitude, whereas we found a gradient of effects in which the largest deficit was found in AWF, a statistically significant but smaller magnitude of effect in SWF, and no statistically significant effect in PWF. A possible explanation for these inconsistent findings is that there are likely a number of variables that can influence whether word fluency deficits are found in different samples of medicated PD patients. Some of these variables may include: a) how close to optimal medication levels are achieved, b) sensitivity of the particular word fluency measures employed, c) severity of the disease, d) degree of overall cognitive impairment, and e) how well matched the control and patient groups are on important demographic variables.
It may be that the patients in the Gotham study who did not display word fluency deficits on medication were closer to their optimal medication levels or that the single trials of AWF and SWF used in that study were not sensitive enough to detect subtle deficits in word fluency. The patients in the Gurd and Ward study may have been less optimally medicated or may have had more severe general cognitive deficits, which may have resulted in impairments in all three types of word fluency. Our patient sample may have been intermediate between those used in the two aforementioned studies in terms of the variables affecting the display of word fluency deficits, and consequently, a subtle gradient was revealed in which AWF was more impaired than SWF which in turn was more impaired than PWF. The results of our study do not replicate the findings of a recently published study by Bayles et al. (1993) in which nondemented PD patients tended to have greater difficulty with PWF compared to SWF. The demographic characteristics (i.e., age and gender ratio) and clinical characteristics (i.e., MMSE scores and Hoehn and Yahr ratings of severity of PD symptoms) of the subjects were very similar in the two studies. Both samples were highly educated, but the subjects in the Bayles study were better educated by approximately 1 year. A comparably sizable number of subjects were used in both studies and very similar word fluency tasks were employed. However, unlike in the Bayles et al. study, we found no evidence for a greater negative effect of PD on PWF relative to SWF. On the contrary, we found evidence for a greater negative effect of PD on SWF relative to PWF. The difference between the results found in the two studies was primarily due to the normal controls in the Bayles et al. study generating appreciably more words than the controls in our study on the PWF trials using the letters A and S (32.2 vs. 24.4 words, respectively). Taking the results of both studies into consideration, it appears that the differential effect of PD on PWF versus SWF is not a robust or generalizable finding. The results of the present study showing a tendency toward a greater negative impact of PD on SWF versus PWF could be viewed as consistent with any of the four major hypotheses regarding the nature of the cognitive impairment in PD (i.e., a deficit in set-switching, effortful processing, self-directed task specific planning, and working memory capacity). Future studies will be needed to determine which hypothesis best explains the differential effect of PD on these word fluency tests. The studies of Brown and Marsden (1988) , however, do provide support for the reduced working memory hypothesis in PD.
The overall picture to emerge from our results in the context of other studies is that non-demented PD patients have a tendency to display deficits in word generation, these deficits are more pronounced when the patients are off medication, and the deficits are greater for word fluency tasks, which we have argued place greater demands on working memory (i.e., AWF Ͼ SWF Ͼ PWF). Future studies should test the hypothesis that AWF is disproportionately impaired compared to PWF and SWF because the set alternation required by this task requires internal attentional control which places demands on reduced resources in the Supervisory Attentional System of working memory. To test this hypothesis, in one condition the relevant stimulus category (e.g., animals versus states) should be cued during each trial, whereas in another condition the patients would have to remember which category was currently relevant. The reduced working memory hypothesis would predict that patients with PD would be impaired mainly in the second condition which required internal attentional control. Similarly, the working memory hypothesis can also be tested with respect to the relative deficit in SWF versus PWF, by cueing semantic subcategories (animals: pets, wild, zoo, Africa, etc.) in a similar manner.
